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AERCDYNAMIC CHARACTERISTICS (OF AN ATRFOILL~F(OREBODY
SWEPT FLYING-BOAT HULL WITH A WING AND TATIL
SWEPT BACK 51.3° AT THE IEADING EDGE

By Rodger L. Naeseth and Richard G. MacLeod
SUMMARY

An Investigatlon was made at low spseds to determine the aero—
dynamic characterlstics of an airfoll—faorebody swept flying-boat hull
with a wing and tail swept back 51.3° at the leading edge. The hull
was derived by sweeplng aft the water planes above the chinss of a
deep—step flylng-boat hull of a previous Investligation. '

The results of the investligetion indicated that the swept hull had
a minimm dreg coefflcient about the same as the parent model or a
streamline body after accounting for the differerce In Interference
effects of the support wings. The minimm dreg coefficient for the
swept hull including the interference effects of the 51,3° swept—
back wing was 0,0038,

The use of wing leading-—edge flapa or leadirg—edge droop with

fence on the wing-hull~tail carbinatlon gave a stable configuration.
»

The deflectlon of split or extensible split wing flaps on the
wing-hull~tail cambination with wing stall—control devices deflected
geve a more linsar variation of pliching—mament coefflclent with
Lift coefficlent; however, only the extensible split flaps were
effective in increasing the maximm 1i1ft coefficlent,

INTRADUCTTION

Because of the requiremsnts for increased renge and speed In
flying boats, an investigation of the aerodynamic characteristics of
flying-boat hulls ag affected by hull dimensions and hull shape 1s
being conducted at the Langley Laboratory. Results of several phases
of the investigatlon are given in references 1 to 3,
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Tests of refined deep—step planing—tail flying-boat hulls (refer—
ence 3) indicated that these hulls have drag values campsrsble with
those of landplane fuselages bulb retain acceptable hydrodynamlc per—
formance (reference 4)., The hull volume, however, is less than the
landplene fuselage volume and most of the volume ies located forward of
the wing. Thus a balance problem is encountered in placing most types
of pay load because the relatlonship of +the wing and step to the center
of gravity must be maintained for aerocdynamic and hydrodynamic reasons.
A possible solutlon to the balance problem was to move the volume af't,
A new hull was derilved from Iangley tank model 237-7B, the volume of
which wes shifted aft with respect to the center of gravlity by sweeping
aft the water planes above the chines. The new hull has been desig-
nated Iangley tank model 237—6SB and 1s called the swept hull.

In keeping with present trends in high-speed alrcraft, a wing
swept back 51.3° at the leading edge was used Instead of the straight
support wings used in previocus investlgatlons., Thils paper presents
results of teste of the swept—hull-wing combinstion and wing alone to
determine the aserodynamic characteristies of the bull Including the
effects of wing interference for comperilson with the characteristice
of the parent model (reference 3) and teste of the hull with swept—
back wing and teil 1n conjunction with various high-1ift and atall-—
control devices to provide data for design of dynamic tank models

using sweptback wings,

Resultes of tank btests (reference 5) indicate that the swept hull
will probebly glve satisfactory hydrodynamic performance,

COEFFICTENTS AND SYMBOIS

The results of the tesbe are presented as standard NACA coef—
ficlente of Porces and momente, Rolling-mament, yawing-moment, and
pliching—mament coefficlente are glven about the 30-percent~wing-mean—
aerodynamlc—chord point shown in figure 1.

The date are referred to the stability axes, which are a system
of axes having thelr orlgin at the center of moments shown in flgure 1
and in which the Z-axle is in the plane of symmetxry and perpendiculex
to the relative wind, the X—axis l1s in the plane of symmetry and
perpendicular to the Z-axis, and the Y-axis ls perpendicular to the
plane of symmstry. The positive dlrections of the stablility axes are
gshown in Tigure 2, The coefficlents and symbols are defined as follows:

Cy, 11P%t coefficient (Lift/aS)
Cp drag coefficient (Drag/qS)
L
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Cy lateral—force coefficient (Y/gS)
Cy rolling-moment coefficient (L/qgSb)
Cm pitching-mament coefficient (M/qST)
Cn yawing-moment coefficient (N/qSb)
Lift = -Z
Drag = X, when ¢ = 0°
X force mlong X-axls, pounds
Y force along Y-axis, pounds
Z force along Z—axig, pounds
L roliing moment, foot—pounds
M pltching moment, foobt-pounds
N yewing mament, foot—pounds
q free—atream dynamic pressure, pounds per square foot (%‘QV‘z)
S wing area, 5.T73 sgquare feet
b/2
T wing mean serodynamic chord, l.42L feet %/; c2dy
t
c local wing chord, feet
b wing span, 4.22 feet
v free—gtream veloclity, feet per mecond
P mass denslty of alr, slugs per cublec foot
o angle of attack of chord line measured iIn plane of symmstry,
degrees
9n engle of attack of hull base line, degrees
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¥ angle of yaw, degrees
iy angle of stebllizer wlth respect to wing root chord line,
degrees
R Reynolds number based on wing méanmé.-erodynamic chaord
C,. = D -
o X
o. =%n
oo
Ty =
oC
Cq, = 1
L

effectliveness of the tall at CI. =0 < )

£
$E

MQDEL

The generael arrangement of the model is shown In figure 1 and a
photogravh of the model on the support struts, in flgure 3.

The hull, Langley tank model 237—6SB, (fig. 1 and table I) was
deslgned by the Hydrodynemics Divislon and the Stabilility Research
Divielon of the ILangley Labaretary and was essentlally Tangley btank
model 237-7B (reference 3) wlth water planes above the chines shifted
aft and modlfied to glve the slde elevatlon shown in flgure 1. The
length~to-beam ratio was gbout 6 for the swept hull, The hull used in
the aerodynamic tests was a tank dynamic model of ths usual balsa and
tlesue construction, The volume and the areas of the hull were:
volume, 1447 cubilc inches; surface area, 110l square Iinches; frantal
area, 56.8 squere inches; side area, 418 square inches,

The wing was positloned with the 0.30 mean aserodynamic chord at
the mean of the useful center—of-gravity range set by hydrodynamic
deslgn, The overhang of the leading edge of the wing 1s due to the
ghape of the hull and the large rooct chord of the swept wlng which was
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adapted to the original streight-wing hull design. Though not Iincluded
in these tests, 1t was thought that an inboard Jet lnstallation or
wing—root falrings would alleviate the structural problem,

The wing and tail (fig. 1) were constructed of mahogany, had
NacCA 651-012 sectlons parallel to the plane of symetry, and were swept

back 51,3° measured at the leading edgs. The wing had zero geametric
dihedral; the harizontal tall was set at l5° gecanetric dlhedral., The
wing aspect ratio was 3,11; taper ratio, 0.50; and area, 5.T3 square
feet, Horizontal~tail areas was 0,97 square feet and vertical—tell ares
was 0,61 square feet,

The lesading-edge flaps, leading—edge droop, fence, spldit flaps,
and extensible split flaps are detailed in figure k.

The leading-edge flaps and droop were slmllar to those reported in
references 6 and 7, respectively. The 0.#6512’- leading—edge flaps
(fig. 4(a)) were of constent chord with the inboard end located
at o.uu%. The sngle of the flap chord with respect to the wing—chord

plane, measured in a plane normal to the wing leading edge, was 50°.

The leading—edge droop (fig. 4(b)}) covered a span of 0.11-87-% with
the inbosrd end located at o.l+3sg. The chord of the drooped portion

of the wing was 0.1lh local wing chord on the upper surface and 0,16
local wing chord on the lower surface. The leading edge was drooped 50°
about the 0,16 chord line, measured in a plane normal to the 0,16 chard
line. The gaps along the upper—surface 0,14 chord formed by drooping
the leading edges were f£illed; the gaps at the Inboard and out—

board ends of the drooped section were not £1lled except for one test,
The fence used in conJunction with the droop nose and the leading—

edge flap for same tests (fig. 4(b)) was of constant height, 0.65

maximm local wing thlckness, and was located at 0.513%.

The o.u8712°- split flaps (Filg. 4%(c)) had a chord equal to 30 percent

of the local wing chord,., The inboard end of the flaps was located
at 0.1987%. The flaps were deflected 40° fram the wing surface measured

in a plane normal to the hinge line,

The extensible split flaps were the same flaps as the split flaps
but were moved aft as shown in figurs L(d). The flap deflection was
31° meagured with reference to the wing—chord plane in a plane normal
to the hinge line,
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TESTS

Test Conditions

The tests were made In the Langley 300 MPH T— by 10-foot tunnel.
Tests to determine the aerodynamic charescterlstics of the hull were
made et a dynamic pressure of 100 pounds per square fool. The stablility
tests of the complete configurstion were made at the lower dynamlc
pressure of 9.t pounds per square foot so that the angle—of-attack range
could. be extended through the stall wlthout overloading the hull.
Corresponding air velocities were 209 and 61 miles per hour. Reynolds
numbers for these alregpeeds, based on the mean aerodynamlc chord of the

model (1.42k £t), were 2.6 X 10% ana 0.8 x 106, respectively; corre— .
sponding Mach numbers were 0.27 and 0.08.

Correctlions

Blocklng and buoyancy correctlions have been epplied to the data.
The angles of attack, the drag coefficients, and the tall—on pltching—
moment coefficients have been corrected for Jet-boundery effects.

No corrections have been appllied to the data to account for model—
support-strut tares. '

Test Procedure

The aerodynamic characteristics of the hull, Including the inter—
ference of the 51.3° sweptback support wing, were determined by
testing the wing alone and the wing-and-hull combination under the
game conditions. The hull amerodynamic coefficlemts were thus deter—
mined by subtraction of wing-elone coefficlents from wing-end-hull coef—
ficlents. In order to minimize possible errors from transition shift,
transition was fixed or the wing and hull by means of roughness
conslsting of carborundum particles of approximastely 0.008—inch dilameter.
Roughness was applied to the wing for a length of 8 percent locel air—
foll chord measured along the airfoil contours from the leading sdge om

both upper and lower surfaces. Hull transitlon was fixed by a %-—inch

8trip of carborumdum particles located 8 percemt of the hull length aft
of the leadlng edge of the hull messured perallel to the base line,

Longitudinal-stability tests were made of the complete model (wing—
hull~tail) with various high—-1ift and stall—control devices. Iateral—
stabllity derivatives were obtained for the complets model configuration
with nose flap deflected fram tests through the angle—of-aettack range
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at 15° yaw, Tests were made through an extended yaw range at

10.5° angle of attack with and without leading—edge flaps, Transition
wag not fixed on the hull or the wing for the complete-model tests or
for the plain~wing-alone tests presented for compexison,

RESULT'S AND DISCUSSICN

The aercdynamic characteristics in pitch of the swept hull,
including the interference effects of the 51, 3 swepthack wing, are
presented in figure 5., Figures 6, 7, and 8 present the characteristics
in pitch of the camplete coni'iguration (wing~hull—~tail) with leading—
edge and tralling-edge devices. The variation with 1ift coefficient
of the lateral-stabllity derivatives for the camplete-model con—
figuration with leading-edge flap 1is given in figure §; characteristics
in yaw are presented in figure 10,

Hull

Drag characteristics.— The data of figure % Indicate that for a

Reynolds number of about 2.6 X 108 the swept hull, Iangley tank
model 237-65B, had a minimm drag coefficient of 0,0038 including the
interference of the 51.3° sweptback support wing,

Although the wing loadings of the swept—hull cambination and the
parent cambination (Iangley tank model 237—TB) were about the pame, a
direct comparison could rot be made because of the difference in wing
interference resulting from the small amount of wing enclosed in the
swept—hull cambination as compared to the parent cambination. A
discussion of wing interference is given 1n reference 8 for conven—
tional hulls, Similar unpubllished wark on the effects of wing Inter—
ference on the aerodynamic characteristics of hullas of the 23T—serles,
not including the swept hull, gives the increment of drag due to wing
interference for hulls similar to-the swept hull. After accounting for
the difference in wing interference by mesans of thls Incremsnt, the
minimm drag coefficient of the swept hull is thought to be abouts the
gsame ag that of the parent hull, The parent hull had a minimm dreag
coefficient camparable to a streamline body, The range of angles of
attack of the hull base line for minimm drag was 4° to 6° and was
slightly higher than previously tested deep—step hulls (reference 3).

Longitudinal stability characteristics.— The value of the param—
eter Cmm was —0,0014, which indicated that the hull with wing inter—

ference had a slight amount of longltudinal stebility.
RN
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Wing-Hull~Tall Catbinationa

Iift characterigtics.— The plain wing alone (fig. 6), hed a lift— -
curve slope of 0,055 and a maximm 1ift coefficlent of 1,08, The
camplete configuration with leading-edge flaps and fences or with . .-
leading—edge droop and fences gave & maximum 11t coefficlent of
about 1,34, Removal of the fences fram the complete configuration with
leading—edge flaps reduced the maximm 1ift coefficlent to 1,25, Lift
flaps added to these configurstions (fig. 7) generally decreased the
angle of zero 1ift from sbout 1° to —4° but had little effect on the
maximum 118t values eXxcept in the case of the conflguration of the
extensible split flap and the leading—edge flap which had a meximum
1ift coefficlent of 1,65, Based on the area of the wing plus the area
of the extended flap, the maximme 11ft coefficlent is 1,50, Thus, 1t -
appears that spproximately 40 percent of the increase in maximm 1ift
coefficient may be attributed to the increase 1n total wing area.

Fairling the gaps at the inbosrd and outboard ends of the lssading—
edge droop (fig. 7) increased the maximm 1ift coefficient slightly.

Longitudinal stability charscteristics.— The plain wing alone

(fig. 6) was unstable throughout the 1lift range, The use of leading— :
odge flapas or droop wlth fence on the cumplete conflguratiom resulted o
In gensrally stable slopes, The leading—edge—~droop—and—fence con—

figuration had the most steble and linear pitching-moment curve. -
Removel of the fence fram the leadlng-edge-flap configuration resulted

in little chapge in stebllity in the low 11ft range but produced _
neutral stability in the 0.6 to 0,8 lift-coefficient range. .

The data of figure T indicate that the cambination of 11ft flaps
and stall-control devices on the camplete configuration gave a slight
increase I1n stability and more linear pliching-moment curves,

The strong effect of the tall in producing stabllity through the
stall is indicated by the data presented in flgure 8, Effectiveness of
the tall as measured by Cm-i . was -0,0l% at Cp, = O,

t

Iateral stability characteristics.— The parameter Cp v (fig. 9)

indicates that the directionsl stabllity increases with 11ft coefficlent
until a value of —~0,0043 18 reached at a 11ft coefficlent of about 0.75.

At this polnt, the trend reverses,
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The lateral—stablility paremeter Czer increases untll a value of

about 0,0016 is reached at 0,6Cy. Only a small variation is shown as

11ft coefficient Increases further, However, an increase In Reynolds
number would be expected to increase the linear range of the varlation
of 0, with Op (reference 9). The value of Cyy ©F 0,007

at CL = l.d indicates that the wing has conslderable effective
dihedrel,

The data of figure 10 jnd.icate that the characteristics 1in yaw at
2 0,54 are fairly linear to 20°, the maximm angle investigated,

and that. the leadling—edge flaps had little effect as campared to the
plain wing.

CONCIOSIONS

The results of an Investigation made at low speeds to determine
the aerodynamic cheracteristics of an alrfoil-forebody swept flying-boat
hull with 51.3° sweptback wing and tail indicate the followlng:

1. After accounting for the difference in interference effects of
the support wings, the swept hull had a minimm drag coefflcient about
the same as the parent model or a etreamline body,

2. The minimm drag coefficient for the swept hull with inter—
ference effects of the 51.3° sweptback wing was 0,0038.

3. The use of wing leading—edge flaps or leeding—edge droop with
fence on the wing-hll—tail cambination gave a steble configuration,

i, The deflectlion of split or extensible epilt wing flaps on the
wing-hull—~tail cambination with wing stall~control devices deflected
gave a more linear variation of pltching—moment coefficlent with 1ift
coefficlent; however, only the extensible split flaps were effective
in increasing the maximm 1ift coefficient,

Langley Aeronautical ILeboratory
Natlional Advisory Camulttee for Aeronautics
Langley Alr Force Base, Va,
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Figure 4.— Details of stall—control devices and trailing—edge flaps.
(Dimensions in inches except where noted.)
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Figure 7.— Effect of 1ift flaps on the serodynamlc characterlstics in
pltch of Langley tank model 237-6SB with 51.3° sweptback wing
and tail., 1y = -4°. Leading-edge flaps and droop wing configurations.

R = 0.8 x 10°.
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Figure 8.— Effect of taill on the aerodynsmic characteristics in pitch of
Langley tank model 237-6SB with 51.3° sweptback wing. Leading—edge
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Figure 10.~ Effect of leading—edge flap on the serodynsmic characteristics
in yaw of Langley tank model 237-6SB with 51.3° sweptback wing and tail.

@ = 10.5°, ¢ % 0.54 at ¥ = 0°. R = 0.8 x 10°.
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